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CLAIMS 



[Claim(s)J 

[Claim 1] The surface treatment approach of the alumimium nitride ceramics characterized 
by performing oxidation treatment and forming an aluminum oxide in a front face after 
dissolving an alumimium nitride front face and forming a mesh-like grain boundary slot by 
chemical corrosion. 

[Claim 2] The surface treatment approach of the alumimium nitride ceramics characterized 
by covering a substrate front face with an oxide by applying and calcinating a metal 
alkoxide further after performing surface treatment of claim 1. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention offers the surface treatment approach for improving 
the metallizing nature of nitride ceramics about the nitride ceramics which use alumimium 
nitride (AIN) as a principal component used for a ceramic package or a hybrid IC. 
[0002] 

[Description of the Prior Art] The alumina (aluminum 203) has been conventionally used 
for the ceramic substrate for a ceramic package or hybrid integrated circuits (hybrid IC). 
[0003] High integration and high power-ization progress, high temperature conductivity is 
required from a ceramic substrate, and IC carried in a ceramic substrate is AIN. The nitride 
ceramics of a system are beginning to be used. 

[0004] AIN The ceramics is aluminum 203. Since it has one about 10 times the thermal 
conductivity of the ceramics and has still higher resistivity, insulation, and a low coefficient 
of thermal expansion, it is expected as a ceramic package or a ceramic substrate for hybrid 
ICs. 

[0005] in order to apply these ceramics to a ceramic package or the substrate for hybrid 
ICs - a conductor - a circuit is formed on a substrate. The thick-film technique is mainly 
used for metallizing which forms this circuit. 

[0006] a thick-film technique carries out printing spreading of what was distributed in the 
organic substance and made the metallic conductor particle and the oxide particle the 
shape of a paste by screen-stencil at the shape of a circuit at a ceramic substrate, and 
calcinates after that - a conductor - it is the approach of forming a circuit. 
[0007] for example, aluminum 203 a ceramic substrate ~ copper (Cu) ~ a conductor -- the 
approach of forming a circuit is as follows. 

[0008] It is aluminum 203 by screen-stencil about the paste which distributed Cu powder 
and the oxide glass powder which uses lead oxide (PbO), boron oxide (B-2 03), and silicon 
oxide (Si02) as a principal component in the organic substance which uses ethyl cellulose 
as a principal component. It prints and applies to a ceramic substrate. 
[0009] About this substrate, it is the oxygen dark frequency of 10 ppm first. It processes 
by 200 in nitrogen gas air current - 300 **, and combustion removal of the organic 
substance is carried out. 

[0010] It is the oxygen dark frequency ppm in succession. While processing by 800 in 
nitrogen gas air current made into below - 900 ** and making Cu sinter, melting of the 
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oxide glass is carried out, and they are Cu and aluminum 203. The ceramics is combined. 
This oxide is aluminum 203. A ceramic substrate is good, it gets wet, and good adhesion 
with a metallic conductor and a ceramic substrate is obtained. 
[0011] However, it is AIN about this technique. When it applies to a system nitride- 
ceramics substrate as it is, high adhesion reinforcement is not obtained. Then, this AIN As 
opposed to a system nitride-ceramics substrate, it is Provisional Publication No. 61-84037. 
It is aluminum 203 to a front face by oxidation treatment so that it may see. The approach 
of forming is indicated. 

[0012] Moreover, at Provisional Publication No. 62-224952, it is AIN. The approach of 
carrying out honing of the front face of a substrate to 2-20-micrometer surface roughness, 
and raising adhesion reinforcement is indicated. Furthermore at Provisional Publication No. 
62-297286, it is AIN. The approach of forming covering of silicon oxide in a system nitride- 
ceramics substrate front face is indicated. 
[0013] 

[Problem(s) to be Solved by the Invention] However, the AIN system nitride-ceramics 
substrate front face of only having performed oxidation treatment is aluminum 203. The 
front faces of a ceramic substrate differ also systematically and in presentation, and are 
aluminum 203 with conventional thick film paste. The adhesion reinforcement which is 
equal to a ceramic substrate is not obtained. 

[0014] because, oxidation treatment - AIN aluminum 203 formed in a system nitride- 
ceramics substrate front face a layer — AIN except that the sintering acid added for 
sintering exists in the grain boundary triple point - a presentation — like ~ almost - 
aluminum 203 from ~ although it is the becoming layer - comparing ~ aluminum 203 a 
ceramic substrate - sintering acid - a vitreous state - aluminum 203 the organization 
which exists in the grain boundary between particles - **** - it is. 
[0015] aluminum 203 Since the glass which exists in this grain boundary has contributed 
greatly, the adhesion of a thick film to a ceramic substrate is AIN of only oxidation 
treatment. With a system nitride-ceramics substrate, it is aluminum 203. Adhesion 
reinforcement like a ceramic substrate is not obtained. 

[0016] AIN The approach of forming covering of silicon oxide in a system nitride-ceramics 
substrate tends to make a glass layer on a front face, and it is going to make it stick it to it 
with the oxide in thick film paste. 

[0017] However, AIN The organization which Si02 combined with the front face in the 
shape of film is above-mentioned aluminum 203 too. It differs from the ceramic 
organization. 

[0018] aluminum 203 It depends for the adhesion reinforcement obtained with a ceramic 
substrate not only on the chemical bonding strength of oxides but on having become the 
organization which anchored to the grain boundary effectively at the oxide in thick film 
paste reacting to the grain boundary glass of a substrate, and mutual, and mechanical 
bonding strength having arisen. 

[0019] AIN The oxide stuck after the organization which Si02 combined with the front face 
in the shape of film does not anchor to the grain boundary of a substrate, and sufficient 
reinforcement is not obtained. Moreover, it is AIN during baking. There is danger of film 
exfoliation and it is inferior also to the dependability of adhesion with the differential 
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thermal expansion with the shape 2 of film SiO. 

[0020] Moreover, the surface roughening method by machining like honing has bad 
productivity, and that of the surface state is not enough to acquire an anchor effect. [ of 
productivity ] Furthermore, it is AIN only by surface roughening. As for the oxide in thick 
film paste, adhesion sufficient as mentioned above is hot obtained. 
[0021] Then, this invention is AIN. About the front face of system nitride ceramics, it is 
aluminum 203 systematically and in presentation. It is going to raise the adhesion 
reinforcement of a thick film by carrying out to the ceramics mostly at status idem. 
[0022] 

[Means for Solving the Problem] AIN It is aluminum 203 about the front face of system 
nitride ceramics. In order to make it the same organization as the ceramics, and a 
presentation, in this invention, surface treatment of two processes thru/or three processes 
is performed, aluminum 203 The ceramics is aluminum 203 as mentioned above. It 
consists of an organization where oxide glass exists in a particle and its grain boundary, 
and oxide glass consists of a magnesium oxide, silicon oxide, a calcium oxide, etc. 
[0023] On the other hand, it is AIN. System nitride ceramics are AIN. A particle carries out 
direct sintering, it suits, and the added sintering acid has the organization which exists in 
the grain boundary triple point, and the oxide of an yttrium or calcium and carbide are 
used for the sintering acid. 

[0024] AIN It is aluminum 203 to system nitride ceramics. In order to make a grain 
boundary organization like the ceramics, at this invention, it is surface chemical corrosion, 
for example, AIN, to the beginning. The grain boundary of a sintered compact is chemically 
etched with an alkali solution. 

[0025] AIN It dissolves easily with alkali, for example, a sodium-hydroxide solution. It is 

easy to dissolve especially a grain boundary. This is AIN. A special feature is used and it is 

aluminum 203 with the same approach. It is difficult to make it corrode. 

[0026] Therefore, the corrosion treatment of this invention is performed beforehand [ of 

the scaling processing in a back process ]. It is AIN by this processing. The front face of 

system nitride ceramics is drawing 4 (b) mentioned later. It becomes the network structure 

by which the clearance was made in the grain boundary as shown. 

[0027] As the surface roughening approach, although honing and approaches, such as 

carrying out grinding mechanically, can be considered, it is aluminum 203. In order to 

obtain a grain boundary organization like the ceramics, it is required for a grain boundary 

to make a slot alternatively. 

[0028] The front face obtained by the chemical corrosion approach by this invention has 
structure with the slot which became entangled very finely to the order of ceramic particle 
diameter. It is difficult to realize this by machining, and this surface preparation can be 
realized very simply and effectively on industrial level. 

[0029] Moreover, the corrosion channel depth is AIN. About 1 to 2 times of particle 
diameter are desirable. If the effectiveness of the grain boundary oxide made from next 
processing as it is less than [ it ] becomes less enough and becomes the depth beyond it, it 
will become the failure of heat conduction. 

[0030] Scaling processing is performed to the second following this intergranular corrosion, 
aluminum 203 which has a grain boundary gap in this process A layer is formed in a front 
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face. Layer extent into which the grain boundary was etched, or extent slightly thicker than 
it of the thickness of an oxidizing zone is desirable. 

[0031] aluminum 203 it not only becomes the failure of heat conduction, but generated 
when next oxide glass and sufficient association were not obtained as it is oxidation weaker 
than this, and oxidation beyond this was performed A layer and AIN It is because the 
boundary becomes weak and it may exfoliate by the differential thermal expansion of a 
substrate. 

[0032] AIN which passed through a series of above-mentioned processes When thick-film 
metallizing is performed to system nitride ceramics, the oxide in thick film paste flows in 
the grain boundary gap which fused and was made by the substrate front face, induces an 
anchor effect, and is aluminum 203 further. It will join together chemically. This metallizing 
organization is aluminum 203. Since it becomes the same as the thing to a ceramic 
substrate, high adhesion reinforcement is obtained. 

[0033] Although adhesion sufficient at two above-mentioned processes is acquired, more 
reliable metallizing is performed by performing the third process further. That is, it is AIN 
by this process. It is aluminum 203 to system nitride ceramics. The same organization as 
the ceramics is realized. 

[0034] AIN by which above-mentioned surface treatment was made first A metal alkoxide is 
applied to system nitride ceramics, and a grain boundary gap is made to fill them up. A 
metal alkoxide is aluminum 203. It is desirable that the metal component of the oxide in 
ceramic sintering acid or thick film paste is included. 

[0035] For example, it is silicon, boron, aluminum, magnesium, calcium, lead, titanium, 
etc., and even if the metals (silicon, boron, etc.) which can serve as a glass forming oxide 
are independent, other metals can use the metal alkoxide compounded with the metal 
which can serve as a glass forming oxide. 

[0036] Dehydration-condense, it is made to crystallize and vitrify continuously by heating 
oxidation treatment, and the metal alkoxide with which the grain boundary gap was filled 
up is AIN. aluminum 203 of a system nitride-ceramics front face It is made to react. The 
coverage of a metal alkoxide has desirable extent filled up with a grain boundary as an 
oxide. 

[0037] Moreover, if it is the approach of filling up a grain boundary with an oxide, it is not 
specified as using a metal alkoxide, but since invasion to a grain boundary and formation of 
a thin film were easy when various experiments were conducted, it became clear that a 
metal alkoxide is the optimal. 

[0038] It is AIN by the above 3 process surface treatment. It is aluminum 203 to a system 
nitride-ceramics front face. The same organization as the ceramics is embodied and it is 
aluminum 203. Metallizing nature equivalent to the ceramics is obtained. 
[0039] 

[Example] The example of this invention is explained based on a drawing. 
[0040] Drawing 1 (a) AIN by this invention The metallizing structure of system nitride 
ceramics is shown. Nitride ceramics 1 have the surface treatment layer 2, and the 
metallized layer which consists of a metal layer 4 and an oxide layer 3 on it is built. 
[0041] A metallized layer and nitride ceramics are respectively combined firmly through an 
oxide layer and a surface treatment layer. Drawing 1 (b) (c) The detail of the surface 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2005/11/22 



JP,05-085869,A [DETAILED DESCRIPTION] 



5/6 *-V 



treatment organization by this invention and connective tissue with a metallized layer is 
shown typically. 

[0042] The oxidizing zone 13 which consists of an aluminum oxide (aluminum 203) 12 with 

which the nitride ceramics 1 which consist of a sintered compact of alumimium nitride (AIN) 

11 have the corrosion slot 14 in a front face is built by this invention. 

[0043] The metal layer 4 is combined with nitride ceramics 1 because the oxide 3 under 

paste permeates the corrosion slot 14 and combines with aluminum203 12. 

[0044] Furthermore, it is drawing 1 (c). The surface organization in which the oxide 15 was 

formed in the corrosion slot 14 of spreading of a metal alkoxide and oxidation treatment as 

shown is aluminum 203. It can become the same organization as the ceramics, and can be 

made to stick firmly with the oxide 3 under paste. 

[0045] An example of the conventional metallizing organization is shown in drawing 2 as an 
example of a comparison. Drawing 2 (a) AIN The organization which metallizing 
accomplished to what oxidized the front face of nitride ceramics 1, and (b) are AIN. The 
silicon oxide coat 24 is formed in the front face of nitride ceramics 1, and the organization 
which metallizing accomplished on it is shown. 
[0046] 

[Example 1] AIN used for operation of this invention The ceramics contains 1% of the 
weight of yttrium oxide (Y203) as sintering acid. It is this AIN to drawing 3 . The 
organization of the ceramics 1 is shown typically. Although yttrium oxide existed in the 
grain boundary triple point, it was omitted by drawing 3 . 

[0047] It was immersed in the aluminum-hydroxide (NaOH) water solution of 1 convention 
of this ceramics for 60 minutes at the room temperature, and the corrosion dissolution of 
the front face was carried out. the organization which has a grain boundary gap (corrosion 
slot 14) as the cross section of the ceramics after corrosion is shown in drawing 4 ~ 
becoming — the front face — a grain boundary and a part — it had become the mesh slot 
structure where the AIN grain was corroded. AIN The depth of the corrosion slot 14 of the 
grain 11 was about 5 micrometers of surface particle-size extent in about 5 micrometers or 
less. 

[0048] Subsequently, aluminum 203 with a grain boundary gap as performed oxidation 
treatment for 60 minutes to this ceramics at 1200 degrees C and shown in drawing 5 The 
front face which consists of a grain 12 was made to form. The thickness of an oxidizing 
zone 13 was about 5 micrometers of surface particle-size extent. 
[0049] Copper conductive paste was printed to this ceramics by 2mm** pattern, and 
metallizing was performed to it in the nitrogen air current for 900 degree-Cx 10 minutes. 
The copper wire of diameter 0.8 mm was soldered to this copper metallizing with the 
eutectic pewter, and 90-degree peel test was performed. The adhesion reinforcement of a 
metallized layer is conventional aluminum 203. It was equivalent to the ceramics and was 
an average of 3kg per 2mm** area. 

[0050] AIN homogeneous as an example of a comparison Oxidation treatment for [ 1200 
degree-Cx ] 60 minutes was performed to the ceramics, and the same metallizing 
processing as **** and 90-degree peel test were performed to it. Adhesion reinforcement 
was an average of 2kg. 
[0051] 
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[Example 2] AIN shown in drawing 5 by which surface treatment was carried out based on 
the example 1 It was immersed in the metal alkoxide solution which describes the ceramics 
below for 10 minutes at the room temperature. 

[0052] A metal alkoxide solution is silicon alcoholate (Si4 (OC2H5)) so that it may become 
about 3 aluminum203 and 2Si02 presentation after oxidation baking. Aluminum alcoholate 
(aluminum3 (OC2H5)) It is a solution melted into a water-ethyl alcohol solvent. 
[0053] It is the ceramics immersed 20 mm/min It pulled out at the rate and oxidation 
treatment for 1200 degree-Cx 30 minutes was performed. A front face is aluminum 203 
made by oxidation as shown in drawing 6 . It became the organization with which the 
metal alkoxide oxide 15 was filled up between grains 12. 

[0054] This metal alkoxide oxide 15 is abbreviation 60wt%aluminum2O340wt%SiO2 as a 
result of analysis. It is glass which consists of a presentation and the ceramic front face 
was covered with a thickness of about 2-3 micrometers a grain boundary and in the shape 
of film. 

[0055] Copper conductive paste was printed to this ceramics by which surface treatment 
was carried out by 2mm** pattern, and metallizing was performed to it in the nitrogen air 
current for 900 degree-Cx 10 minutes. The copper wire of diameter 0.8 mm was soldered 
to this copper metallizing with the eutectic pewter, and 90-degree peel test was performed. 
The adhesion reinforcement of a metallized layer was per 2mm** area^and was 4kg or 
more. 

[0056] AIN homogeneous as an example of a comparison The ceramics was immersed in 
the above-mentioned metal alkoxide solution for 10 minutes at the room temperature. It is 
this ceramics 20 mm/min After pulling out at a rate, oxidation treatment for 1200 degree- 
Cx 30 minutes was performed. 

[0057] The film-like glass of 2-3-micrometer thickness which changes from the same 
presentation as **** to a front face generated. The same metallizing processing as **** 
and 90-degree peel test were performed to this ceramics by which surface treatment was 
carried out. Adhesion reinforcement was an average of 3-4kg. 
[0058] 

[Effect of the Invention] It is AIN by this invention. The metallizing nature of system nitride 
ceramics improves and it is existing aluminum 203. The metallizing technique and 
approach which have been used for the ceramics can apply as it is. Therefore, when it uses 
as a ceramic substrate, the adhesion reinforcement of a thick film or a thin film formed 
there improves, and the dependability of electronic parts is raised. 
[0059] In the first place, the principle is AIN. It is corroding the grain boundary of the front 
face of system nitride ceramics, and forming an oxide in the gap, and is having raised the 
chemical bond force over the ceramic substrate of a metallized layer having heightened the 
mechanical bonding strength over the ceramic substrate of the metallized layer by the 
anchor effect, and by second forming the oxide film in a front face. 
[0060] In this invention, it is characterized by carrying out to formation of an oxide film by 
spreading of a metal alkoxide, and baking by concomitant use with scaling and it. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 (a) The cross-section structure when performing metallizing is shown in ** 
and the nitride ceramics by which surface treatment was carried out. 

(b) The detail organization of surface treatment nitride ceramics and a metallized layer by 
** and this invention is shown. 

(c) The detail organization of surface treatment nitride ceramics and a metallized layer by 
** and this invention is shown. 

[Drawing 21 (a) The cross-section structure when performing metallizing is shown in ** 
and the nitride ceramics by which surface treatment was carried out by the conventional 
approach. 

(b) The detail organization of surface treatment nitride ceramics and a metallized layer by 
** and the conventional method is shown. 

[Drawing 31 AIN before surface treatment The organization of the ceramics is shown. 
[Drawing 41 AIN The organization at the time of making the front face of the ceramics 
corrode chemically is expressed. 

[Drawing 51 AIN It is an organization when making the front face of the ceramics corrode 
chemically and oxidizing a front face further, and is an example of the surface treatment 
nitride ceramics by this invention. 

[Drawing 61 AIN He is the organization which is made to corrode the front face of the 
ceramics chemically, oxidizes a front face, shows the organization in which oxide covering 
by the metal alkoxide was performed further, and is formed of this invention. 
[Description of Notations] 

1 Nitride Ceramics 

2 Surface Treatment Layer 

3 It is Oxide During Paste. 

4 Metal Layer 

5 Metallized Layer 

11 AIN Grain 

12 Aluminum 203 Grain 

13 Oxidizing Zone 

14 Corrosion Slot 

15 Metal Alkoxide Oxide 
23 Oxidizing Zone 
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24 Silicon Oxide Coat 
(Translation done.] 
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[0022] 

[sa*«?si-rsfc»©^i8] ain zmum^ s » * 

#f^TB:rxig&C>LHX*I©StM&S*tT 

5. Al.Ob t5;v>^B, ^©SfCAl.Q, te^i-e 

©ei?«:K<l:^7X36i#^4a«^6!&:»). mil® 
A^a>6&-,rt,>s. 

[002 3] — #A1N 5 ^XU, AIN tft 

«c#fiET ^csassMwccB-r ? h u^a 
*>#;i/i"?A©BMb«j. K<biM<Av*6nrir>«. 

[0024] AIN JR*fb»-fe-5 5 f f XKA1.Q, -fev 5 

«ffi©fb^w^ft, m*.kain &*£#©&#* 7;i>*7 >; 
«S«-c{b^wccx 

[ o o 2 5 ] ain «r;u* . m^.ii^<m{t± \- a 

[002 6] tfc^T*f^©Jg;ft#HIB»X«K:*.S*l 
ffiK<bftia©*fiJK:?f-5r*j<. c ©Mace J: o tain 
&mtm-k5$. »**©affi«. f^-rss4(b) tc^ 

[0027] ^ffifiib^ftiurfj. *-->yjjni-^ 
««a«>KWfj-r4i&t'©*s*j#^6n4**. ai.q -b 

5 5 ***©«ftt4WiHfa**4to&CcB. excess? 

[0028] *mite&z{vzm&&mkte&'>~cxh 

[0 029] *fc*©l5A8tSII$ Bain e^a© 1 ~ 2 
*n«Tr&S£&©iaa-cfp?>ft 

SCc&S<t«ft£e*©f$«£&*„ 

[0030] cctlWfSAfcmi-c. mntc^ffiSMbAa 

3Srff5. C©jffl*IT'fl^l8ll®©*>SAl l q I JgtfftSK: 



(3) 1Sfa¥5 - 8 5 8 6 9 
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[0 03 1 ] Ctl£*)&l>mt-C$>Zt&<Dfflt<m*f^ 

»£tf»©f5t«£&£«*>»)-C&<. ^jfcb/cAl.Oi 
JliAlN a«©J8i^SB^{Cj:or-e©^*tS< &ij§a 

[0032] jj$©— a©xg*efcAiN ^ 

LTg3§a&*££.*. 3&(cai,Qi Mb^ffjtcte^-*-* 

10 C£K&£. CW^S^XIglgBAl.O, 5 s^X 
S«CC*fT*«>©iH0ift-5fc«)JC. SSC 

[0033] iJS©—XS-C+»feffi«f4*i»f,tlS 

a*. sefc0=©xg*tf ^ctKiot, -tcffffltt 

©*£> *5-fX£fT5. HPfcC©X*KcJ:-?TAlN Jfc 
[0034] 5feT±^©«MMS*** SiifcAlN ^{ b 

20 micimzitz. ^mnva^ kb. ai.q, -b^s* 

[0 03 5]m«er^ t 7^5 -2 A, 

if*$"5&. /7-iU^^A, «&. #5 

Wirfe^ */c<fe©^)S»^7^»fiR^b^iJQ: 0^-5 

[0036] ta»iaiK«:5E«L,fcifejsr^3*^ kb. 

30 ^bS-ti-AlN S^ffeBj-fe-r 5 fi'^^ffiOAl.cJi iSJSS 
[003 7] *fcKfb«j*tfti?fc3S«r#S75rffi-c**i 

«. #JST^3*'>F«rffl(,>SCi{C«R£$nSfc©r 
Bftt»*J. e^©^K*tfofciC^&ISt^©«A<!:» 
JS©^fiS*s^fSr* 5Ci 6^ST + ~> K*«fia 

[0038] «±© HXsg j®#yi«C J: 5 Al N lfi^b«J 

40 Al>0b v?ZtMW<Djt25 4X&.ifi& 

en*. 

[0 03 9] 

[JIJSW3 C©lfelS©3ISSW*Hffi*SCCitt^6„ 
[ 0 0 4 0 3 H 1 Ca) B#sfc93K: <fc*AlN JhMm^'y 

1 (i^S^iira 2 * % . -&©±{C&J3J9 4 i^lt^JS 

[0 04 1 ] Jt *=jA X®ig{b*J-fe^5 9 d'^BS* 
&{b^Jl<h&S^J3&:rt-LT%StC&£;s*'i£ 0 01 
50 (b) . (c) B*^{c«fc5SMtoSffl«Si. ^*^-<X 



(4) 

S 

m t dMGm&ommzmmiicTji oft *> ©ra 

[0042] gffcTJWS-^A (A1N)1 1 

nz&im-t? s ? »x i & mmtcss&m 1 4©*s 

KfbTJU5~$A (Al.COl 23&»6&4&<bJf 1 3*5* 

[0043] 4 tt. ^-X f- <p<DWl<tm 

Ml 4{CgSLAl 1 Q, 1 2£IS^-£C<!:r£fbgJ-fe-7 

[0 0 44] 3 (c) tC^UfcJl^tC. 

a+S'K©*^ Hfb^Cc^oTJgAfltl 4«c&fb«j io 
1 5*s^fi£Sn/taSiffi»«, Al.o, •tevS^fxil^ 
iSfcifiiiaifcO. ^-Xh*£D^b«J3<t?fe@Ccaj«S 

[0 0 45] tfc«09iLrH2tC«£3fe(Dy4»7^Xifi«S 
©— Wim-f. m2 (a) (JAIN ^fc&J-fev 
Slffi£8Mfc#yi l/fc *>©Cc > * =7 A Z&mz ftfcfflJSS. 
(b)WAlN Sfb^J-fe^ 5?<'^1 ©RffitC&fbi' y 3 > 

[0046] 20 
[SaSflf 1 ] *f69l©*S6{CflH,>;fcAlN -65 5-^^ 

«. sasgKjsiji i m&%<Dmit<< -9 y y (y 

,0.) ittlr £*>©■?*■&., S3iCC©AlN tv5 » 

?x i ©fi«i«:^s;w«:^r. K-fb-Y v h y ? Mtnn 

=S.^{C#ftLri»S©-C*S*i. H3-C««IISLfc„ 
[0047] COt7 5?«*, im&<D*mitT)V 
(NaOH) *SffiK:^fflL-C60^raS?SU, ^ffi 

£HA?si»ufco fiAa©*? s 9 ^x©»in«ig4 «: 
^-f«tc&#W8Ki (H^flii 4) ©asmatfeD. -e- 
©^ffi«eist*s«fcu f -^AiNtft*i|iA3n/c«B}««jg 30 
&tto-c<,»fc. ain ti 1 1 «if«j5 um&rr-cm^mi 4 

[ 0 0 4 8 ] ^■CCO-b'y £ * ?XCC 1 2 0 0 'CC 6 

o ftmvffltsm&n i». 0 5 «c^-r 0 &&f?rai®© 

*4Al,0b til 2*>6&4*M£J&iS<5-l**:. KfbJt 1 
3©Jf*ttSIK&ggK©iRj5 (imtiofc. 
[0 049] CO-b7S»^K, ^ii^-Xh*2 
mmD^*->rEn®IU. 9 0 0*0X1 0fl\ gg&fcfe 
tfc-Cj^^-fXfctTofc. C©ffl^i»7^XCCaS0.8 
nin©^*^^>y-C^> #1^1^9 0* tT-JUK 40 
iterffofc. ^ df7-fXJg©ffi^5SK«. fES^AlO, 
42^ 5 i»f XiPJ^tr. 2mmCM«*;fc*) ;s FiS3kg-C 

[0 0 50] it©WiUt:ilM©A1N -fe-7 5 ^fXtC. 

1 2 o o*cx6 oftmomtsmzmb. ±.m±m— © 

y*^-fX$!yi*J < fctf9 0 - f-;UK»*tfo/c. 8?# 
S£ffitt¥$J 2 kpT4> o fc. 
[005 1 ] 

[jySW2] *JSWl{Cfei-^*«ffi«H13*i^a5CC 
SV3"A1N -fe5 5 ttTtC^S^JSr^3*'> 50 



#§l¥5-8 5 869 
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Ksstc^sri o^raasi/fc. 

[0052] ^sr^3*-> Kjgjffitiv Kfb«fiKg«:;fo 
J:-€-3ai,q, • 2siQ,iBJ5KK:?t5J:5'>y3>r^3u 
-h (SiCOCiH,),) iTil/S-^ATil/nU- h (A1C0 
QHs)j) x^jVT^3-;u«iSiK:«§3{P0/c«efSE-c 

[0 0 5 3 ] 5 ? *X*> 20nm/nri 

n©Sg-C3l#WU 1 2 0 0 -ex 3 0#©&fb*2m£ 

ai,o, IS l 2©|ffl«:^Jir;U3*i'F»{biB»i 5j&9c« 

[0054] C©^l7An+-> K&ffcBj 1 5 «, 
©*S*ISj60iirt3eAl,Q,40wt3BiO J ifififciP6J5S4^^^"C. 
&!f te<fc t> 2 - 3 u mWg.<Dmfr<ommc *7 5-;W 

[0 05 5] CO^tEaSlSflfc-fe^ 5 ?>XK, S3! 
fl^-X hS^mmD^-^-CEflJ^JU 9 0 0"CX1 
0#. SSRMSSEtir^f 7-fX4?fofc. C©^i»-7 

9 0 • fcf-.>HiSfS£|T-,fc. ^ * v ^ XJ§©fg»3£&te 
2mmD®S*/c0t?. 4 kgW±-C*ofc. 
[005 6] tt$mt It, |^a©AlN -ir75» fX* 

ii©^ir^3+'> F^fc^ffl-c i o ftis&mv 

■ft. COt7 5 yfX*. 20nm/nrin ©MS"C9I#UJ0 
fct&. 1 2 0 0"CX3 0»©K{b®a*JSLfc. 
[0 05 7] *ffifC«±^iK— ©fflfi£<F«6fiS*2~3 

fe-75^fX{c*fU. J^iPl— ©y d»5-fX«ia*jJ: 
^9 0* e-;bs«K=&tfo/t„ ffi«%a«^3~4kg 

[0058] 

[^©JS!)*] ^WSCi-s-CAlN S^b^-fe^ 5 ^ f 
X©^*-5^Xtfe6*|oj_hl/. et^ALQ, -fe-^S^fX 

r&6C<t(C^5. Sfr>T-b7 5 yf X»ffi<bl/-CifUffl 

bfc®^{c. ■ec{cjBjs§n-5®is-¥ j »M©ffi©sss#i 
[0059] ^(ommiitm— «c. ain ^<b^H2 ^ s ? 

fx©^®©tilSi*]B6:L. *©HK{cKfb^*^fi£-r 

(cM<bMn«)Kar sctKj:ot>f7-fXi©'fe7 

5 v fXSffi{Cj«-4{b^ite^^?:lSl±3-efcC«h-C* 

[0060] ^^•citm<tm<Dmss.ici£msmitisj: 

m 1 ] (a) «. «M«ai?tiyt^b«i-fe^ 5 ^ if XtC 



(5) 



ma*?* - 8 5 8 6 9 
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* =7 a xmamwm&^-t. 

(c) «. **M#Ul£<fcg!-l2 -5 5 ?d>*<!:^ 

[02] Ca) «. fl^©;^«C«fcD«IS5*&HSftfcg{b 

[04] A1N Hz^S ***©*ffi*<b^tCgt:&S-efc 
[H51 A1N ?d>*©*lffi*{b3*fcJK:lK6i*1*> 

[06 ] AIM -fe5 5 * *? ^©^ffi^b^WCClldS-tf. > 



*«ffi*SMbU 3 6«:&liirji/3+'>h*{cj:i^bia» 

1 gffc&'fe^ 5 •? *x 

3 ^-^hl*3^b«J 

4 £@J1 

5 -><*^-<XJl 
io l] ain6 

1 2 A1.Q, 

13 KfbJl 

14 Kft3t 

1 5 ^JgT-rt/n+i' K 

23 mm 

2 4 K{bi-"J3> 



[01 ] 



(a) 



( b) 




1 &M»C7S<,7* 



IC ) 



*t/f 13 



4&U 14JWUL 




(6> 



ftm¥5 - 8 5 8 6 9 



[H2] 



(a j 



HVt23 



4 3*1 



V/. 



J mmsm 




12 AM)»* 
11 MNtf. 



( b) 



4 ft&i 




,24 B8tVJ3>»* 
.11 AftNtt 



[S3] 



[05] 




12 AStOitt. 



11 A£W& 



ffc«SC5»»7* 1 




11 MNJft 



[06] 



15 4*7>u«yp«HtaB 



BBtJl13 



1 




12 MLAJZ 
IIAtNtt 



(7) 1S§§¥5-8 5 8 6 9 

[04] 




[fefflH] ¥j£4*P9£1 8B 
l&miE 1 ] 

mmot&Mtcmi] 

[02] (a) «. e&&>j3mtcj:*)2mmm2tiitm 



[03 ] Slffi«!ygftr<DA 1 N-fe-7 5 ? »X(DiBM^-j- 

[05] A 1 Nt75 yfXO^ffiifb^WKIIftS 
[06] AlNt7Ss **©«ffi*ft?*fflCCg&&i* 

[*®fiIE2] 
[«IE*M&«B«] 0® 
[«iiE*f&3Bg«] £0 
[SHE*!*] £M 
[UKErtS] 



nm^-s - 8 5 8 6 9 



[HI (a) ] 



[01(b)] 



SdLi 13 



r 14JB«L 




1 fift«t72,?Z 



*ft*13 



[04 (b) 3 




32 (a) ] 
4 4*1 



[03] 



& 12 A£iO>tl 




11 AtNtt 



ASNtt 



[02 (b) ] 
4*&t 




(9) 



»S?5-85 8 6 9 




[05] 



14JBtoL 



11 A£Ntt 



sat* 13 




12 AfitOitt. 



11 AUW 



me] 

15 *ft7Jta*v»-"«*t*B 



«tJ113 

St»cs5*?*l 



SttmlBtffm 




12 AkO»tt 
11 AtNtt 



